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Supplementary Figure 1. Crystal structure of Co2(OH)2(C8H4O4) (named by CoBDC). 
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Supplementary Figure 2. Crystal structure of CoBDC-Fc derived from the known crystal structure of 

Co2(OH)2(C8H4O4). 
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Supplementary Figure 3. Electron localization function. (a) Different sliced plane of CoBDC-Fc for electron 

localization calculation. (b) Electron localization function of CoBDC the different sliced plane. 
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Supplementary Figure 4. Different adsorption intermediates for Co2 in CoBDC-Fc. (a) OH*; (b) O*; (c) OOH*. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

 
Supplementary Table 1. The adsorption free energy at different sites for OER intermediates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Active site H2O OH* O* OOH* O2 

Co2 in CoBDC-Fc 0 1.76 3.61 5.03 4.92 

Co1 in CoBDC-Fc 0 3.74 5.51 6.90 4.92 

Co in CoBDC 0 3.60 5.97 7.03 4.92 
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Supplementary Table 2. The molar ratio of BDC:Fc in different MOFs. 

[a] The molar ratio of Co:Fe was measured by inductively coupled plasma mass spectrometry (ICP-MS).  [b] The molar 

ratio of BDC:Fc was determined by the molar ratio of Co:Fe and the structural formula of CoBDC (Co2(OH)2(C8H4O4)). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 CoBDC-Fc0.17 CoBDC-Fc0.14 CoBDC-Fc0.11 CoBDC-Fc0.08 CoBDC-Fc-NF 

Molar ratio 
(Co:Fe)[a] 14:1 16:1 20 26:1 14:1 

Molar ratio 
(BDC:Fc)[b] 6:1 7:1 9:1 12:1 6:1 
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Supplementary Figure 5. XRD of CoBDC, CoBDC-Fc0.17, CoBDC-NF and CoBDC-Fc-NF. 
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Supplementary Figure 6. SEM images of MOFs. (a) CoBDC; (b) CoBDC-Fc0.17. 
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Supplementary Figure 7. N2 adsorption-desorption isotherm of at 77K of CoBDC and CoBDC-Fc0.17. 
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Supplementary Figure 8. Full range XPS spectra of CoBDC and CoBDC-Fc0.17. 
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Supplementary Figure 9. XPS spectra of CoBDC and CoBDC-Fc0.17. (a) O 1s spectra; (b) Valence band XPS data. 
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Supplementary Table 3. Square resistance of CoBDC, CoBDC-Fc0.17, CoBDC-PCBA and CoBDC-PNBA. 

MOFs CoBDC CoBDC-Fc0.17 CoBDC-PCBA CoBDC-PNBA 

Square resistance 

(kΩ/□) 

57.2, 17.6 23.7 30.4 
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Supplementary Table 4. Fitting parameters of Co K-edge EXAFS curves for CoBDC and CoBDC-Fc0.17. 

Sample Path R (Å)[a] N[b] σ2 (10-3Å2)[c] 

CoBDC 

Co-O 2.07±0.02 6.2±0.4 8.1±0.1 

Co-C/O 3.18±0.02 6.9±0.1 3.6±0.1 

Co-Co 3.56±0.02 5.6±0.7 4.9±0.1 

CoBDC-Fc0.17 

Co-O 2.08±0.02 4.4±0.1 6.4±0.1 

Co-C/O 3.21±0.02 6.5±0.2 8.1±0.1 

Co-Co 3.56±0.01 5.6±0.5 6.4±0.1 

[a] R: distance between absorber and backscatter atoms; [b] N: coordination number; [c] σ 2: Debye-Waller factor. 
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Supplementary Figure 10. OER performance of different catalysts. (a) Linear sweep voltammetry curves toward OER 

and (b) Tafel plots of different catalysts. 
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Supplementary Figure 11. Turnover frequency (TOF) of different materials at an overpotential of 250 mV. 
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Supplementary Figure 12. Linear sweep voltammetry curves toward OER of CoBDC-Fc-NF after cyclic voltammetry 

between 1.20 V and 1.45 V for 2000 cycles. 
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Supplementary Figure 13. XRD patterns of CoBDC-Fc-NF before and after OER process. 
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Supplementary Figure 14. SEM images of CoBDC-Fc-NF after 10 h electrocatalysis at a constant current density of 

100 mA cm-2. The morphology of nanoarray was mostly remained but with coarser surface. 
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Supplementary Figure 15. XPS spectra of CoBDC-Fc-NF after electrocatalysis at a constant current density of 100 mA 

cm-2. 
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Supplementary Figure 16. SEM images of different MOFs. (a) CoBDC-Fc0.08; (b) CoBDC-Fc0.11; (c) CoBDC-Fc0.14 

and (d) CoBDC-Fc0.17. 
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Supplementary Figure 17. PXRD patterns of different MOFs. 
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Supplementary Figure 18. Linear sweep voltammetry curves toward OER of different catalysts. 
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Supplementary Figure 19. SEM images of different MOFs. (a)CoBDC; (b) CoBDC-Fc; (c) CoBDC-PNBA; (d) 

CoBDC-PCBA. 
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Supplementary Figure 20. PXRD patterns of different MOFs. 
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Supplementary Figure 21. XPS spectra of CoBDC, CoBDC-PNBA and CoBDC-PCBA. (a) Co 2p 3/2 spectra; (b) 

Valence band XPS data. 
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Supplementary Figure 22. Linear sweep voltammetry curves toward OER of CoBDC, CoBDC-Fc0.14, CoBDC-PNBA 

and CoBDC-PCBA. 
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Supplementary Figure 23. SEM images of (a) and (b) CoBDC-PNBA-NF, (c) and (d) CoBDC-PCBA-NF. 
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Supplementary Figure 24. OER performance of different missing-linker MOFs. (a) Linear sweep voltammetry curves 

of different catalysts, (b) Tafel plots of different catalysts. 
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Supplementary Figure 25. The corresponding overpotentials of different catalysts at 10 mA cm-2, 100 mA cm-2 and 

500 mA cm-2. 
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Supplementary Figure 26. Electrochemical impedance spectra and double layer capacitance of different electrode 

materials. (a) Electrochemical impedance spectra; (b) Double-layer capacitance. 
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Supplementary Figure 27. CV plots of different electrode materials. (a) CoBDC-NF; (b) CoBDC-Fc-NF; (c) CoBDC-

PNBA-NF; (d) CoBDC-PCBA-NF at different scan rate. The current at 0.88 V were as a function of scan rate to obtain 

the Cdl. 
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Supplementary Table 5. Comparisons of OER activity of Co-based electrocatalysts. 

 

catalyst Electrolyte 
Overpotential at 
10 mA cm-2 (mV) 

Tafel slope 
(mV dec-1) 

Substrates Reference 

CoBDC-Fc-NF 1.0 M KOH 
178 at 10 mA cm-2 

241 at 100 mA cm-2 
51 Ni foam This work 

MAF-X27-OH 1.0 M KOH 387 60 GCE 1 

Co-WOC-1 0.1 M KOH 390 at 1 mA cm-2 128 GCE 2 

FeTPyP-Co 0.1 M NaOH 351 at 1 mA cm-2 NA Au 3 

Co-Nx/C NRA 0.1 M KOH 300 62.3 Ti-foil 4 

Co(OH)2 1.0 M KOH 470 NA Ni foam 5 

Co3O4@C-
MWCNTs. 

1.0 M KOH 320 62 GCE 6 

Co(OH)2 1.0 M NaOH 360 56 Au 7 

CoMn LDH 1.0 M KOH 324 43 GCE 8 

LDH FeCo 1.0 M KOH 330 85 GCE 9 

NiCo-UMOFNs 1.0 M KOH 250 42 GCE 10 

CoCo LDH 1.0 M KOH 393 59 GCE 11 

CoCd-MOF 0.1 M KOH 353 at 1 mA cm-2 110 GCE 12 

Zn0.1Co0.9Se2 1.0 M KOH 340 43.2 GCE 13 

NCF-MOF 1.0 M KOH 320 49 GCE 14 

Co/Co3O4@PGS 1.0 M KOH 350 76.1 GCE 15 

Ni0.6Co1.4P 1.0 M KOH 300 80 GCE 16 

Co5Mo1.0O 
NSs@NF 

1.0 M KOH 270 54.4 Ni foam 17 

Fe0.33Co0.67OOH 
PNSAs/CFC 

1.0 M KOH 266 30 
carbon fiber 

cloth 
18 

Co1Mn1CH/NF 1.0 M KOH 349 at 100 mA cm-2 NA Ni foam 19 

W0.5Co0.4Fe0.1/NF 1.0 M KOH 310 at 100 mA cm-2 32 Ni foam 20 

Co3S4@MoS2 1.0 M KOH 280 43 GCE 21 

O-Co3O4 1.0 M KOH 220 49.1 Ni foam 22 

Fe-Co-P 1.0 M KOH 252 33 GCE 23 

CoFeZr oxides/NF 1.0 M KOH 248 54.2 Ni foam 24 

Zn0.35Co0.65O 1.0 M KOH 322 42.6 GCE 25 

NiCoFe@NiCoFeO 
NTAs/CFC 

1.0 M KOH 201 39 
carbon fiber 

cloth 
26 

Co@N‐CS/N‐
HCP@CC 

1.0 M KOH 248 68 
carbon fiber 

cloth 
27 

Co3S4/EC‐MOF 1.0 M KOH 226 132 
carbon fiber 

cloth 
28 

Co/β‐Mo2C@N‐
CNTs 

1.0 M KOH 356 67 GCE 29 
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Supplementary Table 6. EIS results of CoBDC-NF, CoBDC-Fc-NF, CoBDC-PNBA-NF and CoBDC-PCBA-NF. 

 

catalyst Solution series resistances 

Rs (Ω) 

Charge transfer resistance 

Rct (Ω) 

CoBDC 2.07 6.92 

CoBDC-Fc-NF 1.96 2.21 

CoBDC-PNBA-NF 1.94 4.95 

CoBDC-PCBA-NF 1.89 5.67 
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